This paper introduces and tests for the endogeneity of job tenure and number of jobs in the wage equation using panel data uniquely suited for that purpose -the National Longitudinal Survey of Youth (NLSY). The model is multi-level in that there is wage dynamics -random intercept, random growth path and autocorrelated transitory variation -at the person-career level and at the job-specific level. The NLSY wage data is unique in that wage values are associated with a specific job (employer) and thus can be used to form a (monthly) time series of job-specific wages. The resulting job-specific time series of wages includes a variable number of unequally spaced points in time and has more missing values than complete data points from beginning to end. The multiple job-specific time series for a person may overlap in time so that the person-specific time series may include multiple wages at any given survey date. The data is also unique in that the begin and end dates of all jobs are available over the person's career so that precise measures of number of jobs and of months of work experience and tenure on the job may be constructed as of the date of each reported wage value. This data also allows the modeling of job turnover and job duration in continuous time jointly with the wage time series for that job. The model is designed to test the exogeneity of number of jobs held and of job tenure in the wage equation.
INTRODUCTION
Studies of the determinants of wages have been a mainstay of economics in general and labor economics in particular. A large literature has modeled and estimated the wage structure ignoring job mobility and the distinction between career wage growth and the effects of job tenure (for example, Lillard and Weiss 1979 , Hause 1980 , Lillard and Reville 1999 . The theoretical model behind the wage structure literature is the human capital investment model (Becker 1975 , Mincer 1974 , and Ben Porath 1967 , which also ignores the distinction. Another literature examines the impact of job specific human capital on wages. This literature is concerned with estimating the effect of tenure, but tenure is likely to be endogenous. The endogeneity of job duration, and thus job tenure, and alternative theories of job turnover in relation to wages has been the focus of much of the more recent literature (for example, Hashimoto 1981 , Jovanovic 1979 , Lazear and Moore 1984 , and Abraham and Farber 1987 . Two of the important issues in the debate have been the measurement of job tenure in panel data and the potential role of unmeasured factors that affect both job duration and wages (Altonji and Skakotko 1987 , Brown and Light 1989 , Topel and Ward 1992 , Topel 1991 , and Altonji and Williams 1997 . Much of the literature has focused on methods to remove the effects of correlation between wages and job duration without trying to estimate the extent of correlation. This paper makes two main contributions to this literature. First, the empirical model for wages is designed to more thoroughly describe the wage dynamics within and between jobs than previously possible. The empirical model is developed to exploit the fine-grained data on wages and job duration available in the National Longitudinal Survey of Youth (NLSY), but as a result has a unique combination of interesting econometric features related to panel data. The NLSY wage data is unique in that wage values are associated with a specific job (employer) and thus can be used to form a (monthly) time series of job-specific wages. Second, the model uses the detail on begin and end dates of jobs to test the exogeneity of the job number and job tenure in the wage equation, by explicitly jointly modeling job duration. The observation of the duration of multiple jobs over the early career of a young worker allows identification of heterogeneity in worker turnover rates. The potential endogeneity of job number and job tenure in the wage equation may be due to the effects of unmeasured factors that affect job turnover and affect the level or growth rate of wages. That is, unmeasured heterogeneity in the hazard of job turnover may be correlated with unmeasured heterogeneity in either the level of wages or wage growth at the person or the job level.
The empirical wage model is a three-level multilevel model. There are three correlated heterogeneity components -initial wage and wage growth due to experience and time -at the person level and two correlated heterogeneity components -initial wage and wage growth due to tenure -at the job level. In addition, period-specific transitory variation at level three includes both person-specific and job-specific autoregressive components, identified by overlapping jobspecific wage time series. The job-specific time series of wages includes a variable number of unequally spaced points in time and has more missing values than complete data points from beginning to end. The model is designed to deal with randomly missing periods and unbalance replication of wage values, assuming time stationarity of the autoregressive components.
The empirical model of job duration is a multilevel replicated continuous time hazard model with components at both the person and the job levels. Correlation in the heterogeneity component between wages and job turnover may be at either the person or job level.
The econometric model is a multilevel correlated random effects model with a mixture of coordinated continuous and duration outcomes. It is estimated by maximizing the marginal likelihood, integrating out the heterogeneity components, assuming joint normality of the heterogeneity components and of the innovations to the autoregressive components. The hazard model for job duration uses a flexible form of duration dependence.
Section 2 presents the wage model and MLE estimation treating job number and job tenure as exogenous and discusses identification and estimation of the wage model alone. Section 3 develops the model of job duration focusing on the endogeneity of job number and tenure in the wage equation. It discusses identification and estimation of the joint model of wages and job duration. The NLSY data is described in Appendix A. Results are presented in section 4. Section 5 provides a brief conclusion and discussion.
WAGE DYNAMICS WITH JOB-LEVEL TIME SERIES
The following empirical model is designed to study the dynamics of wages over time within a job (same employer) and over the career of a worker with one or more employers. For each job/employer there is a monthly time series of weekly wage values. The model is developed as if a complete time series were available from beginning to the end of the job. An illustrative time-line of wage values is presented in Figure 1 . The implications of missing periods and overlapping jobspecific time series are addressed later. 
Upon entering the labor market at the beginning of his career, after leaving full-time schooling, 1 the person begins with an initial wage which is a function of his race Race i , his years of schooling Ed i and a person-specific deviation δ 1i , i.e., β β δ
The person also has a wage-experience profile that results from his on-the-job investment in general human capital which results in growth of wages with full-time work experience without regard to the employer to which it is applied. Wage growth with general work experience may be a function of person-specific characteristics X i and includes a person-specific random term δ 2i reflecting differential investment -the person-specific wage-experience profile is given by The person also has a wage-time trend that may result from technological change and other unmeasured aspects of time. The effect of time may similarly be a function of covariates X i and includes a person-specific random term δ 3i reflecting individual differences in the ability to benefit 1 We use the date of leaving full time schooling for the last time in the panel as the beginning of the work career. Many men worked while attending school, and we empirically account for the possibility of continuing with the same employer upon leaving school. We do not address issues of "going back to school" to complete a degree. This issue and the definition of the beginning of the career deserve further research. 2 See Lillard and Reville (1999) for the theoretical justification of the "random-profile" approach to wage development over the life cycle based on the work of Ben-Porath (1967) . They use this approach to test, and confirm, the transversality condition from optimal life cycle investment in human capital which implies that wages peak near the end of the life cycle. They use the PSID sample with a much longer earnings history. 
The observed initial wage also includes residual variation due to two transitory components − u it for the person-period and v ijt for the person-job-period. Each of these components depends on both measured person-level or job-level characteristics. Initial wages, and wage growth with work experience and with time, each depend on worker characteristics X i including schooling, race and ethnicity. Job-specific characteristics include job number (since the career began), precareer experience with the employer, non-work between jobs and indicators for union job, government contract, and industry.
Job-Specific Growth in Wages from t ij
0 to t Wage growth within the period of employment on the same job includes the effects of person-specific wage gains due to general work experience 1
person-specific wage gains due to the passage of time 1
and person-job-specific wage growth at the current job due to the accumulation of tenure in the
. The person-job-specific wage growth with job tenure is represented by ε 2ij .
The vector Ten ijt w is defined as a piecewise-linear spline (analogously to Exp it w above) with break points at 12 and 24 months.
The accumulation of job-tenure within a full time job, the accumulated work experience, and the passage of calendar time all move together in a collinear fashion. However, their separate effects are estimable because of differences among workers in accumulated work experience and in calendar time as of the date the job began.
Combining Wages for Multiple Jobs Over the Worker's Career
The model is inherently multilevel, including stochastic terms at the person level, at the job level and at the period level. At the person or career level, the person-specific random coefficients include the career intercept, growth with work experience and growth with time. These three stochastic terms may be correlated, and are assumed tri-variate normal,
The job-specific intercept ε 1ij and profile shift ε 2ij may also be correlated with each other, but are independent across jobs,
These within-job components are by construction orthogonal to the career-level stochastic terms, δ i . That is, if person i draws a greater value of ε 1ij on average, the average difference will be reflected in δ 1i . So persons who are repeatedly "winners/losers" in the initial wage job draw will have greater/lower δ 1i . Similarly, if person i draws a greater value of ε 2ij on average, the average difference will be reflected in δ 2i and δ 3i .
In addition to the systematic development of wages over the work career, there may be person-specific autocorrelation in the residual variation at the career level. The data favors an AR(1) process at the person-career level. 4 That is, A person may have more than one job at the time of the annual survey and thus may have reported more than one wage observation in a given month. Since u it is defined at the individual level, this results in a unit correlation between the residuals, and thus the wage values, at the person level. There must, therefore, be additional job-specific residual variation in wages.
We introduce a within-job (or job-specific) transitory residual structure which introduces variation across jobs held at the same points in time. We introduce a within-job autoregressive structure at the job level. The data favors an MA(1) for within-job transitory wage variation. 5
Therefore, 
Estimation and Identification of the Wage Model Alone
Parameters of the model including only wages can be estimated by maximum likelihood based on the assumed joint normality of the three independent sets of stochastic .
The residual covariance matrix for the full vector of T i observed wage values given by Empirically the former is ARMA( , ) 1 0 , and the latter is ARMA( , ) 0 1 . 7
An issue related to the unbalanced number of replications and the "gaps" in the wage series is that estimation of the parameters of the autocorrelation structure requires wage observations at adjacent months. Fortunately, the timing of wages observed at job end dates are evenly distributed throughout the months of the year between surveys. There is thus potentially information in the series about moving average parameters as well as about an autoregressive parameter. Assuming time stationarity of the series, the covariance among points arbitrarily distributed over time is well defined. These are then 
POTENTIAL ENDOGENEITY OF JobNo ij AND Ten ijt w
We develop a multilevel model of job turnover with heterogeneity in the job (employer) If the person-specific component of the hazard of job exit is not independent of the person-specific intercept in the wage equation, then the job-specific variable JobNo ij will not be independent of δ 1i . Remember that δ 1i includes the person's average initial wage over jobs. If they are negatively correlated, then a person who repeatedly changes jobs (has a high hazard rate and thus short job durations on average) will have had more jobs for any given level of experience, and will also draw on average a low initial wage. This will induce a negative relationship between JobNo ij and δ 1i . Similarly, if, conditional on measured covariates, a person who draws a high rate of wage growth on a job also is less likely to leave the employer; then the person-specific component of the hazard of job exit will not be independent of the person-specific wage growth (profile shift) in the wage equation, and Ten ijt w will not be independent of δ 2i .
Persons with low rate of job exit will systematically accumulate longer tenure on each job and will have higher initial wages and/or higher wage growth. 10
Bias in the estimates assuming exogeneity would be due to the correlation between these variables and the wage residual components induced by correlation in the multilevel components.
These notions are formalized in the following model which jointly considers job duration and wage dynamics provide a basis for this test.
The Job Turnover Hazard Equation
In this subsection we explore the model of job duration which will ultimately be jointly The hazard of job separation incorporates three sources of duration dependence− general work 10 This formulation highlights a problem with traditional estimates for which wages are available only at annual survey dates so that differences in wages between surveys can be calculated only for jobs lasting 12 months or more. This will potentially be a nonrandom subset of jobs for a nonrandom subset of individuals. 
However, when the restriction is not imposed the identification of a job-specific heterogeneity (with multiple independent replications per person) would be identified by functional form alone.
As shown below the full model is identified when combined with the wage model due to multiple replications of wages per job.
12 Under this restriction the model, when combined with the wage process, produces a "within-person" estimator for the effects of JobNum and Ten w . 13 Monte Carlo evidence by Lillard and Cottet (1998) suggests that estimates of the regression parameters in this model are not terribly sensitive to departures from normality of the heterogeneity component.
Combining the Models of Wages and Job Turnover
The multilevel components of wages and job turnover may be combined into three independent sets of stochastic elements δ δ δ δ The second set represents job-specific heterogeneity in the initial level of wages and wage growth with tenure on the job, and independent from job to job. For every job j
Note that the covariance matrix Σ ε ε is identified from the covariance structure of wages by the presence of multiple wage observations per job.
The third set includes the two autoregressive period-specific components at the person and the job levels, discussed earlier.
Estimation and Identification of the Full Joint model of Wages and Job Duration
Finally, we combine all the information on wages and job durations to form the full joint marginal likelihood function. The likelihood for each individual worker, given his observed history of wages and job changes, may be written succinctly, using the notation developed earlier, as The mean and variance of each of the J i job-specific job turnover components conditional on the observed wage series for the job are given by
The covariance matrix between the wage residuals ζ i and the job-specific job turnover residual ε j * is given by zero. These restrictions may be tested jointly or individually. This joint hypothesis will be explicitly tested below using a likelihood ratio test.
ESTIMATES AND RESULTS
The parameters of the model are estimated using the NLSY data discussed in Appendix A.
We begin the discussion of results with the significance of the multilevel components in both the wage and the job turnover equations and then test of the exogeneity of the JobNo ij and Ten ijt w in the wage equation. Then we briefly explore some additional parameters of the model.
Estimates of the covariance matrices for δ and ε , and the regression parameters λ , are presented in Tables 1 and 2 . There is highly significant heterogeneity at the person level in all four dimensions, with highly significant individual correlations among them except for one − the correlation between the components for job turnover and growth with experience. The job level initial wage and tenure growth heterogeneity components in wages are highly significant, with a significant negative correlation between them. There is a highly significant correlation of these with the job turnover hazard at the job level. The likelihood ratio test of the joint hypothesis that the five parameters are zero (5 df) is also highly significant − χ 5 2 = 142.4. Therefore, the estimates resoundingly reject the exogeneity of the JobNo ij and Ten ijt w in the wage equation.
Testing the restriction that λ λ 1 2 0 = = while allowing the person-level components to be free (the "within-person" estimator) also leads to strong rejection − χ 2 2 = 66.6. Table 3 presents a comparison of parameter estimates under three alternative model specifications. Consider the effects on the parameters most likely to be affected − the coefficients of JobNum ij , the spline function Ten ijt w , and the covariance matrix Σ ε ε − of falsely assuming exogeneity or of not allowing job-level correlation. The three sets of estimates are presented in Table 3 . The job-level regression parameters β 7 are presented in Table 4 . The variables Z ij are almost all significant predictors of initial wage, but had no significant interaction with Ten ijt w . 14 Finally, Table 5 Finally, consider the job turnover hazard equation, the parameters of which are presented in Table 7 . The hazard of job turnover increases over the first two years after the beginning of the career, and decreases monotonically in tenure on the job, especially over the first two years, and with the number of jobs. It is reduced by more education, higher ability, working on a union job, and being in the service sector or construction.
CONCLUSION
The availability of data on several job-specific time series of wages, and precise begin and end dates of jobs, for each worker in the NLSY data provides an opportunity to Estimates of the model reveal very significant heterogeneity at the person level in initial wages, in wage growth with experience, in wage growth with calendar time and in the hazard of job turnover, so the potential for endogenous job turnover is present.
Similarly there is significant variation at the job level in initial wages and in growth with job tenure, and thus potential for endogeneity at the job level.
Tests of exogeneity are strongly significantly rejected. However, only the effect of JobNum ij on wages is substantially affected by relaxing the exogeneity assumption, and other parameters are little effected including the effects of job tenure on wages. Tables 1-2 , 4-7 are jointly estimated with the Unrestricted column of Table 3 . Standard errors in parentheses. *: Significant at the 0.10 level. **: Significant at the 0.05 level. ***: Significant at the 0.01 level. Tables 1-2 , 4-7 are jointly estimated with the Unrestricted column of Table 3 . Standard errors in parentheses. *: Significant at the 0.10 level. **: Significant at the 0.05 level. ***: Significant at the 0.01 level. Tables 1-2 , 4-7 are jointly estimated with the Unrestricted column of Table 3 . Standard errors in parentheses. *: Significant at the 0.10 level. **: Significant at the 0.05 level. ***: Significant at the 0.01 level. Tables 1-2 , 4-7 are jointly estimated with the Unrestricted column of Table  3 . Standard errors in parentheses. *: Significant at the 0.10 level. **: Significant at the 0.05 level. ***: Significant at the 0.01 level. Tables 1-2 , 4-7 are jointly estimated with the Unrestricted column of Table  3 . Standard errors in parentheses. *: Significant at the 0.10 level. **: Significant at the 0.05 level. ***: Significant at the 0.01 level. 
